Following the financial crisis of 2008, the UK government has set out new economic priorities which include jobs and returns from investment in science and technologybased activity. In this paper we show that the Cambridge area already provides a microcosm for such a future economy, one that it reveals both strengths and weaknesses. Using longitudinal county-wide data on technology firms in Cambs, we show that these firms have been resilient to recession over the past quarter century (as compared with Silicon Valley) and achieved high survival rates until the past few years. Cambridge tech firms are depicted in terms of size and sectoral distribution on the eve of the credit crisis, using new data on serial spin out from the university as a check on county-wide data. Larger firms showed a recent recovery in jobs and sales after delayed impact from the technology slump of the new millennium. However a fall in the number of start ups and firms in the smaller size groups is a cause for concern, since it is from just such a pool that the more successful Cambridge firms have emerged over the past three decades. 
Introduction
"We must … strengthen our capabilities in research and development; innovate further in science and technology, and industrialise this innovation in commercially successful ways." (BERR, New Industry: New Jobs April 2009, 1.12 ).
Cambridge is not named in the government report cited above, but the technology economy of the Greater Cambridge area already has many of the features of the economy of the future as envisaged in this report. Following the financial crisis of 2008, the UK government has established new economic priorities. The very sectors of activity which they identify in this report as critical for the future are those which make up over two thirds of the technology economy of Greater Cambridge. These include the life sciences, advanced electronics, advanced materials, plastic electronics and telecommunications. In the case of clean tech, also prioritised, multiple research projects throughout Cambridge University are working towards translation into practice.
If the local economy of the Cambridge area has demonstrated that science and technology-based young firms can create jobs, exports and skills for the future, it also provides evidence of the vulnerability of these firms to boom and bust (Drofiak and Garnsey 2009 ). Cambridge based companies attracted more venture capital than new firms anywhere else in Europe following the technology boom, but when returns to investors came into question, VC capital dried up. The risk-return ratio was no longer attractive to investors. Library House, the high profile investor services consultancy, which predicted "disaster round the corner" for the tech cluster in Cambridge, closed in 2008.
In terms of survival record, Cambridge tech firms do not merit their reputation for being high risk. Previous work has shown that they have had a much higher survival rate than low tech firms (Drofiak and Garnsey 2009; Garnsey and Heffernan 2005) .
Survival rates differ by sector (figure 1) and by time of foundation. Those founded during the recession of the early 1990s had particularly high survival rates. But if the current crop of start-up firms is to be sustained, they will need more favourable conditions for growth.
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Cambridge firms have been resilient in previous business cycles. Survival rates for all cohorts by date of foundation showed higher rates of survival for firms founded during the recession of the early 1990s than for other cohorts (Drofiak and Garnsey 2009 ). However the recession of the early 1990s had an adverse effect on instrumentation firms. The larger instrumentation and telecommunications firms, If policy makers are serious about the Cambridge area acting as a spearhead for future development, it is important to understand the strengths and performance achievements but also the vulnerabilities of the firms associated with science and technology in the area. In the following, we provide an overview of trends among
Cambridge tech based firms to act as a benchmark against which to compare developments during the difficult period ahead. The data were collected in the summer of 2008 (see Appendix).
Background
In clusters of high technology activity around a science centre, productive opportunities 1 emerge for entrepreneurs who find ways to match growing international demand for applied specialist knowledge with local expertise. In the 1970s an unplanned, unintended cycle of business expansion of this kind was set off in Cambridge by small spin-off ventures originating from the university, which exploited international demand for specialist high tech goods and services. This type of activity was converted into local capability through a set of feedback cycles as firms created value for customers and gained returns that fed back into the local economy, benefiting others. Gradually, the area became a better place to do business.
This in turn created a further cycle of attraction for other tech-based and business support activity to move into the area. If this process continues, local expansion spirals on through further spin out and attraction. But a local growth cycle is not sustained without continual renewal, as required by all open input-output systems.
Moreover expansion can easily stall or tip into to contraction (Drofiak and Garnsey 2009 
Entry and Exit of Technology Firms
The overall figures on firm numbers reflect the net effect of entries and exits. A higher average size represents progress for the local technology economy in some respects, since micro-firms are more vulnerable than larger firms. However, important new firms in Cambridge, as elsewhere, have started out very small. A reduction in the pool of small start ups is therefore a cause for concern, especially in the case of biopharm, which we examine in more detail below. In contrast, figure 12 shows the minor impact of the microfirm sector on aggregate employment, with the proportion of employment in microfirms at its lowest level in the past 20 years following the shakeout of IT microfirms. R&D and biotech sectors have grown and tend to be larger in size than the IT software or services companies.
The uncertain economic climate appears to have deterred start ups, as shown by the churn analysis.
Though microfirms do not appear to be significant in their overall effects on jobs, many successful firms start out very small, distinguishing themselves as they grow. In figure 18 , the analysis by average firm size and sector shows the large range in size of firms that contribute to the employment in the Cambridge cluster and that some sectors are more influenced by economic cycles than others. Low barriers to entry into IT software and local skills gave rise to rapid entry and exit of firms in this sector.
Sector
The sectors can be categorized as product and non-product (service) based, as shown in figure 19 . Software is classed here as a product based sector because the production of software has features in common with production of other products, for example a prototype is developed and tested and provision for customer support faces scale-up challenges, as for physical products. As a check on evidence derived from the county employers' database, we turn to an independent source of data that overlaps the source used so far. This has a high proportion of newer, smaller firms, a sector shown to be vulnerable from the analysis reported from the county-wide evidence.
Companies derived from the University -directly or through serial spin outs 14 While the Cambridge technology firm cluster originated in the University of Cambridge, it has grown to be much larger than the cluster of firms whose founders were members of the university at the time of foundation. As a check on findings 14 Acknowledgements to Matthew Leung for his contribution of the data for figures 21 and 22 in this report reported above, this provides an independent source of data tracking the development of a sub-set of firms that overlap with those in the dataset analysed above. This subset consists of technology-based Cambridge area firms that can be traced back to the university through direct or serial spin out. Our interest is in firms founded by members of the university (firms recently termed university start ups) whether or not the university owns a stake or IP in the firms (recently termed university spin outs).
A database is under construction in our research group that tracks firms in the area that can be traced back to the university, either because founded by members of the university, or because they are serial spin outs from such firms. 15 The data reported here includes 308 such firms which were traced by a "snowball" method of informal inquiry, through which informants in firms known to be of university origin provided information on further spin outs by their employees. This data source is incomplete because of the limited availability of records of spin out activity. However data are annual, rather than bi-annual and unlike the county database records (which provide only employment records), sales revenues, profit and employment figures for the companies have been identified from the FAME database. Though incomplete, this data provides an alternative source of evidence that can be compared with that derived from the Cambridgeshire county council employers' database.
Between 1998 and 2002 there was a steady expansion of firms originating directly or through serial spin out from the university. The average size of these firms (in terms of employee numbers) was under half that for the county wide firms analysed in the first part of this paper, at around 10 employees per firm, with a decline from 11 to 9 between 1988 and 2006. The average size of the identified firms originating in the university decreased in terms of employment number from almost 14 employees per firm in 1988 to about 11 employees per firm in 2006, in contrast with the trend for the database as a whole. This is because the university origins dataset includes a larger proportion of smaller and newer firms, those shown to be particularly vulnerable to the technology crash of the new millennium. Figure 21 shows a contraction in the 15 Work in progress at IfM has traced 349 firms founded directly by university members over the years, which we term first generation spin outs. Using a snowball methodology, we identified 90 more second generation firms, spun out from the direct spin outs, plus 47 third generation firms, originating in the second generation firms, plus 76 fourth and further generation firms. Thus a total of 576 firms in the area could be traced back to university origins (Vivian Mohr and Elizabeth Garnsey, unpublished draft paper). We have performance data for a subset of these firms, presented in this paper, to which Matthew Leung contributed. This is consistent with findings for the Cambridge county-wide technology firms reported above where we saw firms that had reached a higher size were demonstrating improved growth performance, but alongside a shakeout of smaller, newer firms especially in IT. 16 It was possible to analyse sales revenues of these firms, data unavailable for all the companies in the database used in the first part of this paper. technology. These data were refined to remove university departments, retailing and other units that were not directly relevant to the analysis of high-tech business.
The data we have been using includes research institutes with sizeable private industry funding. When the analysis was carried out again excluding such institutes, it was found that the major trends were not affected.
In contrast with data analysis in Drofiak and Garnsey 2009, a separate category was created for biotech companies rather than flagging them in their SIC categories. This was done by assigning all firms with biotech self-description of activities to the biotech category and reducing the number of firms engaged in R&D etc accordingly
The county employers'database includes Peterborough companies. It was found in prior work that inclusion and exclusion of Peterborough companies made little difference to aggregate trends for Cambridge area technology companies, since there were relatively few high tech companies in the Peterborough area. The analysis in Figure A1 has removed Peterborough to ascertain the impact of its inclusion on overall cluster level trends. The total of technology based firms with and without the Peterborough firms is very close; in 2008 the number of firms is 1302 with Peterborough and 1184 without its firms. The analysis was also carried out by size of firm and sector, which showed no significant impact from inclusion of Peterborough tech firms, although there was a greater contribution to the total from smaller firms in Peterborough than in the rest of the county. Cambridge group has been in contact with the Treasury over the project. They have expressed dismay that the Small Loan Guarantee Scheme is not working as it should do. Dr Cleevely said they are looking at a vehicle known as the Industrial Provident Society, which is regulated by the Financial Services Authority, to use as the mechanism for the bank. This needs a minimum threshold of €2m (£1.8m)capital and allows its members to lend and take deposits: "I see a renaissance of the mutual societies and co-operatives which we saw in the 19th century."
